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AN EXPLOSIVELY Dltl\”E!N, F.+ST Slltlc’li TtlDE”

T. H. Tan and S. Marsh

Loo Alamos National Laboratory, Group hi-t), NIS JLs70. LotI Al:IInmc, NM S7G4KS IJSA

A simple, cylindrically configured fast shmk tubr \FST) has lswn r[llployd as a [cd to invcstigatr LIIC
hydrodynamics of plate drive undrr a wry high impukkmiing ccmdition. ‘~hc slkrclc Luhc 11s9 a high-
exploaive outer shell and SI low-density foam core. Thr implosion produces a well-dtdined hfach disk that is
Lhen subsequently used to drive B metallic platr. A thin stainless steel (SS) plate has bmr successfully la~nchml
to 9 km/s with this dericc, The cxpcrimcn[ai resu!ts from thr s~udy of materinl flow will I)(’ prcscn:cd and
compared with numerir~l calcul~ti~m, \“arious intrrrs.ting mewurdmenl Icchniqws will also h disruwod,

““1’hip w(,lk WM I\II IIl)IIILI,Il lIy 11111!IS I)t,l),ltl 11111111,11
I’:llwtiy

front Con[illurs [0 dmwlop ;w [II( IIE I)urn conlillu(,s.

Irl a prnpcrly dtwignm! systvrl), tllv \l:IclI disk is fu]ly

(!rvrlupud 01 tlw cxil end atld tt’c II(w of comprrsswl

!ualn hchild is Sllloolh W’itl) illlll(lSl Ilf) rwlinl gril(lil’ll[s

and v(lry gradllfil uia] gridicl)[s, ‘I”IIv vrh)rity of tlw

s]l~r~ fr[)rlt ~an t,~~C~d t]l(, 1[ ~ ,l(,lt)l];lti~)l] v(.lo~ity, I)IIL

~cnorally a slightly undm-tJrivell rriiuation is preforr(’d

10 avoid prcdclmalillg Lhu 1[1’; illl(lid.

III hsigning an optilniwf syslcln, I)illillll’(m is

achirvcd I)y tidjmting the inmjr t,.) outi’r (lii~rrwL(lr ratio

of l]IU lIK, t]lr ]IIIIgL]I, thu di)nsily of 1]1!, foiilll, nllli L]III

]Illasc velocity Lctwcx,ll thv dctonntion wuvr ml{l 111(,ill-

Lorfacc, Fonrn dvr)nity Vmrinlion is ollprl ir Ilriicllrill dr.

~rvc of frtwhnll for Iirlo wlju!$t!lwrll. A 21) l“luhoI IiIII hy -

(Iro(()(l(, ]l;LYlImIll llsrvl L() [If,tvrlllilll, ltlo Ililrillllr*ll,l!. III

l:i~, Iu, III LIIII c;llrulntiwl, I tit, JN’1, III~Il;il i{)ll (II hl.Ilv

i,%lmm{ f[~r I.IICI {’xlll(u.ivo llr~)!lut IS wilh l)l~)l:r{llllllu,,l

I,lrtl [7], ‘1’r(,i,till\: III!, I[mwr.,lvllsil,v ( ~11fII;tlII ;,,+ i(l,,,,l

l,il~ willl ~illlllllil of !)/:1, ill)l)!,:ll:. II, 1)1, ill ~:[11111,Il:r,,(,

lIlvlll wi(ll I*!4]14,1illlolll. iil ~)lwvlviili~lll, A lil,li(,l{t~ll,ll

q.ll,hvilll{ 11111(lvl,~lllili~}ll fl!ItIt, 1114’I{LIII,I II*II :11I!II }., ,ItIIl

11111Klil[ll Ilsk C:III 1)11:,1-I*II ill l~il{, I II, UlIIIIy \\ IIII I

t~)(lo r4illllll:llioll ~ll~~witl~ lll~,lr m:lt II It II IIt Il, III 1111111,1111,

MWII (Iisk is fully IIIIVIII(IIWII AIIII ttilvvl:~ (IIIWII III IIII,IWL

with LIIII I)llrll [r[mt, ‘[’,,:11nlltl t ,11111141111111wilt) tItII,

lit II IIIIIIHIIIIIIIIII. IIWIIIIN ill ;III ,Jl,li,)lli, ,1,.l(lllilli,lll 1111111

11111llw (lllirl)tti,rlxli~n ~1(tlI( ,\\iill :IIIIM i, 11,111.1111’1111

1111111~1,11, \Vll nil Vll 111:1,} 111111111I II*II I Ill, 1114111111‘II(, I k.

~rlwr.llv,l ill 11111II I;IIII IIIIVI,IS, II, IoIIly IM,IIIIIIIIIII II IIIIIV

III 1111~lrtlt~,r Iill{, IWIII i[ [III, Ill,. ,I,,l,lllrlli,,tl I., 11111I,lr



fectly symmetrical or if the foam density is not ioo

uniform.

(-)ther diagnostics, which o[tcn arc more intrus;vc

than x-ray radiography, have also been employed to

characterize the axial shock in Lhe various FST ex-

periments. A Doppler-sliifL microwave intorferorriclel

[8] was used to nmmsure shock velocity and symme-

try by placing a numfxr of micro-comial cables (0.35 -

mm-diameter) at t,hc interface and inside the foam.

A Xenon Iltilwr ~wembly [~] placed at the cnd en-

abled us to mewurc the final shock planarity and

velocity with a snwar callwra, Single-mode quartz

fihcrs inricrtcd inside tlm foam providccl a rnrmns for

trhcking the tcmporai iil)d spatial bvlwwiors of the

shock. Attwni>ts t,1 dctcrlninc the slwckcd quartz lmlt-

pciaLUrc using tinw-rcrmlvmf optical radiation moa-

surcmcnt, antf thus tlw i:llpin~ing $.hork Ilislory hy

illlpmlanct’ nmtching, dl)lll,iirs tn IJ(I umrv Colllpli CiLhXf.

Mcasurvllwnts with thr ill)ovtl ~lingmxitics havr yioldctl

much CritiCill ill f(lrlllillioll nn I.llv prrfornlurw of tlw

FS’1”, ‘1’])c (),;\~-R/c[ foiklll, Whirtl IIM ri’ilS[llliLl) l}” fill(

purosity and unifornlity, is shorkwl t,) iLlmI_M: ] ,8 g/:r

and \’iLll[)riZwi rilllillly. ‘1”]111 rXll;lll(lillg l{iL’i fl(llll 11111rllfl

d thr ~h{wk IIIIW is (JISIII v(’II Iq’ ol~ticill shil(lf)w~rilph

II) 1,,, lllfj\,il]l! as l; I:i I, ;I:i :{() kt])j:.,

‘1 l’I, A”I’E A(:( :II;I, II; I{.,4’1’ION.,

Iln(h.r all illlllli(,ll llr{wllrt~ ])111:,{,, /’(/), il Itllll,, 111

Ilr,ll:iily, lJ, ;IIIII I]lithllvh.l, 1, will t~xlll,li$,ll(.(, ,111al(IIII,liI-

li~m, II(I), .ht(,l,lin~: It) 1111,It,l;ili{,ll /’(/) ~dd(lj. ‘1’111,

Iiunl Ijlillt, Wl,wity, II, i!. I!(IVI’1111’I I 1))’ 1Ill, illll,lilw l,llllil-

limi J’ I’dt !Illl, \vlll,II, rrl i:+ Illilus l~!,r Illlit ilrt,, “1’N’(1

syKIiI,~ II;IVV lwrn r+tIl,li,ul 1,1 .w~ ,Il,,r:il.,. [), !~I I III thick

SS 111.ltc:i, ‘1’111Iir:Jl sysli,lll, I’lwt 511111h 111111 Williltlll

1, 111,1 (1’’S’f’Nj, i? ,I,lllil[lll,,, 1, w illll,.11.ilv,l ill 11’11:,;!,I,

lIy :Iilllljlv 111,11illl! ,il I SS 11111111,11 111(, 1,1111III III(* 1“S”1’.

‘1’tll, !-WI)II(I :,~!’l-lll, liLSt :llrlt IIIIw \+ltll 11,,111-1(1,”~”[’11),

WI II, II in( ~IIIIIII,Ih,h A :. IIVII 11.1111,1\villl it II II I; II II, I II IIIvt

!li,lliit~li,t (1111,11,111111;11 III 1111, 111,./1{).1111 illl{,lll,(~, illlll

u {) ~12 1111 ,*1,11111I!ll, i,. :. II IIWII ill h’ii:, ?II,

,11 1111, 1,’!+’l’x ,7\,:.l!, lll 11l,, Kl,llll ,11 h 1,111,.\,, III 11,1,

11111,1!1,.1111{I!!,(I III-III ,11,11111,11,1.111(1 !Illlv l,,. ,11 1,1,, 111!111,

!Illllll lllllll,. )ll,ilv Wltll Ill, ~11,1,,1,dllllll 11,,111 ‘1’111 Ill!lll,

11111.! \lll,lll,lll 1,,. .111lmtl!,lllt.l\ I.11 illll,lll,., ;IIIt ,. I, IIPIC

I LVI} o.1111111:I.II,U h I,m,lilll! \ ll\llltl !. Ill 111.ltl,,ll II

shown in Fig. 3a and a radiograph of a 0.15-cm SS

plate is shown in Fig, 3c. The comparison of the plate

profile shows CIOSC agreement, The plate appears t!)

stay together as it travcfs downstream into a witness

plate. The radiograph indicates a plate velocity of only

6.2 km/s as compared to 7.4 km~s in the calculation.

The discrepancy is attribut.able to the early prcssuw

relief as the central portion of the plate is punched out

of the periphery by tlw stronger Mach structure.

The s.cvcrity ill plate loading can IM sucn in Fig. 3c

where calculation ~hows the initial loading rate on-axis

to cxcecd 8 Ml]ar/ps I.rcfcrrv the stagnation rtviclw a

peak of o,ti Mb. Ofr-axis Ioi\dillg :mdilc is simili~r

but with Iowr prak prwmurr consistent with ~i~s(’~ w+

cuping. ‘1’h~ CO(IP UWH Illiltrriill slrmg[h [10] I)U1 III)

fracture mmkl is uvisilahk,. It is worth nwnlioning

that who!) is Inorc durtilr but Iowrr strr@h Ti(fi,4)

plate of thr Silr[ltl aroill (Iensity is arcvlrralwt, Ltlr I)[il[l’

balloons nrnrly 10 Ii fllli Iwrllisl)horr Iwforr l~urslinl;.

Yxperillmnts with plfih’s {If highvr y~I,ld strvn~ltl t~ll!

htwor durti]ity usually n’sull. in quit h Irnglllt’l]tiitif]ll.

ALtr[llpts to iiCCt’lt’riLtt’ lhinm’r SS I)lnt(’s g~’11~’rillly (’III!

in l,arly I)roilkthrr)ug]l at tho rvlllvr :11111result in lo\w’r

rnthrr lllan highi’r vvlorit. yl ‘1’hv dclail l)f why thv SS

I)lilt(, rvsl)(mtls Ilmrc [Iivl]r;ll]ly ill this l~iirlii’lllar l(J;ltl-

illg vllviro!lllwnl is sl ill Iwilll; slu(liml. iVI’ hll~~’, h,)w-

rvrr, I’oull,l llIal Iq’ (I(Jlll,lilll: lhv 11’111:111(If Ihl, l: S’l”,

IINI pr~lfilr IJ III(’ pr~)j~! I ilwi {I,llsi:tlvlll Iv ill~lj!’;lr:q lla-

1(,r {,VI,II 11111111:11lll!l I)l;llr rvlll.lill,l lril~:ltll,li, l,ll ;III(I I III,

v~,ltwily IlI14,s II(II illcll, il:+~, lltlli~ (,11111)’, II i. Irl(,i\r !)1:11

w IIWII III Iln{lrrktilllll 1111111’AI JIII II 1111, lIdldl II II III’

lWWII thII nl~l)liwl illllluk~~, ;IIIII till, (lyll~lllli, Illll!rriill

rvs MIIIW,1

‘1’IIQI Imrl,,l ill 11111I; S”I” II 5y:.11.111 XI,IVIW II, I ,,lllilw

11111I,rmslllv I,l,llill,l III(I I)ldlv I,,tll!rr iIIIIl 111111.ill, II, III,.

1111.f,ll!,{liv~, iltll~lll:.f, i’,11{ 11101111111::lll~Ii\ III-II 1111,111,111,

vl,l(t~,ilv II!,{,,. WI II, II IIIV \Y; Ill 11111kll{l:,.. 1111rl,cri(,’. 111111:

[),:! IIJ Ill; rlII, 11:,1 Ihv 11,111:111IIIWIIIIIP!. Illliltll,(lllc)lll ,11

Il,r ;I 1{w ~f,lllillloll~r$l, l’;~l,,lll,.i~,tl iIIIIl I {l~llinl! III I~iIW:.

il,ltl x *trill III Ill I!;III \Vili 11-.III1 ill .I 1111)11,11.I,t Ill, I I.I. II! II II

Ii,]ll .il~:liti?ll 11111III-III,

:1 111,111,Ill IiI, I ,11( Illllli{lll I,. ,. III IWII ill 1’11: I. I ‘1’111

llll\\,ll Il I III( ,Ivl, 11.111,!1 1,.11,,11 $1,, I 1111111I!lllll,l Ill 1):,1

t,~l,t,lwtl,t It, 111,1 IIIV III-III Il,itll Ill,, I,,ttf,,l j$llli ,~!l,i



to prevent the unstable radial st,ret,chin~. The desired

configuration is facilitated by the early collapse of the

krrwr barrel corner, which causes the gas to accelerate

the periphery O( the SS plate first. In the calculation,

the shape of the plate remains stable in time and the

platu velocity quickly rcachm 10 km/s. In the calcula-

tion, the plate appears LO bc thinning, and apparently

with less mass than Llw observation, This may explain

why it is fwtcr. Again, g- relief around the periphery

is olso a factor.

The calculated loading rate is apparently much

smallrr than in the FSTN tiyatcm, as can be seen in

Fig. 4r where it is ro.duccd LO about 1 Mbar/ps. llow-

cvcr, the peak prcwurc is incrc~cd to 1.6 Mbar due to

gas confillcmcnt, The utructurc in the pressure profilo

is all illdicaliull of complicated flow dynamics going

on iusidc thr stancf-olr chiuincl, Many undcsirablr 21)

pr[jldwllk fire croatcll, Ill sorno oxpclilnrnLs, W’ llilV(’

wrnlirnwd tlw calcul~, trd vt.lorily and prcssur(~ profilw

dirwlly Iy \’l S,41t [ I ! ~ aIId Fahry-l~(, rot intt, rfwo[lw -

try Illt,ilsijrt,[Il(,ll[, ]Iowcv~. r, LIIr optical trtirki[lg tinl(,

ix Iinlitod I)y 111(, opacity of cxpallding 1111:protlucls,

IV{. lliI\rl, iilho 10111111Lhmt tll(l rclh,rtivily 0( n hi~hly

Sll{)tht,tl surf’,lcl, t,.111l){, ill)rllptly Iludiliwl.

I(x],,,rilll,,llls with Iilrgrr I];urcl 11) (ir will) ,lillcr-

1,111 Ill,lld, [mll(,ri,lls il II 1,11111t,, VII(I ill twrly frfi[!lill,ll[ il..

lillll. ‘[’III’ (1111} vxrvl)titnl is a Iikyt,rwl snl]ldlirc-’l”i I)IiIt{,,

Wl]i(”ll WI, II,IV,, sllr(l,~sflllly il~l’(,](hrill, ,1 lo 11 kill/~ 1)11-

I(lltt Irdtlllrillj:, Wllilv 1,11(, tlol~ris Ht.iIy:; ill a [)I;II}4* .IIIII

lr,tv~,l,; ,l~nvnsl,r(mlll With v411y f4tIliIll (livt,r~vlw(,. II trill

III, illlvrtv.lilll: l,) Iiml [Illt if u lti~\ll :111111111Slwml Itllllrr

Ill,ll!,rinl riIII 1)(, t,lri,~tiv(,ly II S4111t{) tIt.llt llliti~:iIll, LIII,

itltl~,i, t ~~f \tIIN k I(m{linl!, SI. v4. Id {,xl~vrillll,nl!. wwII,

III,! 1,,11114,11tiII ,1 ~!,,,jltl,.lri, nliy :NiII III1.1111 :iy.iIIItIl wllll
., ,, , ,,, i,)llt,r lhlrl!,l {Ii1:1.!, ! Ill t,llll,l 111; (Iiillll{, tf,l, -,.

.Illl{,ll,r, ,11111(1.N’I I III . liIIIIIIIfl, 111111(,1 ,11{1.lt,l,lli{tll, ,1

4 111111Illi, k ss 111.11~,i;, ltnllll)~,lltt,tl i[llo l~il: II II III!-,:, AI

,1 ~i,lo[ily id X,1 kI II ‘~. A!, (IXIII,IIVII, I III’ Ilmrrlnillt It,,,
.

art, I!rllll.llllv tlIIr, If) f~llr itlill~lllt.y [r) 11,It Itllv lilt, II III!,:.

llll\v ]Il(lllvlli 111:1111,1110 !U,llml.1111 t Ilillllll,l,

4, ( ‘~lltt’lilki(!lls

\\’1, lI,I\II .. III , W..illllly J, t 4LIIIIJIOII iI [hill SS II I;IIIL

1!)11 I..lll , \\llll ,1 . Illllllr )111.1..v II!,lllll,ltiul l~s’1” :Iy!>lvlll,

“1’111,. I I I,y 111.lklllp, ,.11111[,1) 111.11‘.11,I 1, 1, 111,1,11,1141.:s1I 1,

the Mach disk at the output end of llw phased in~plo-

sion is fully developed, (b) that the propellant How is

kept planar in a.. Iargc an imptictcd plate area u possi-

ble, and (c) that the periphery of the plate is separated

from the wall early. in principle, higher plate velocity

can bc itchicvcd with higher phase. dctmlation velocity

dcvicc. In practice, wc have tearncd th~t arcvlorat-

ing the plcdc under intense impulse Ls very challrllg-

ing. WC need to understand n]orc rihout the details

of high-pressure hydrodynamics tincl dynanlir Illahlriiil

rcspon.w brforv significant progri.ss is ])ossil)lc.
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FIGURE 4
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plalc at 4 us aptirt, and (c) Chlculalcd prcs:iurc profile.


